DNA damage induced by low-energy electrons: conversion of thymine to 5,6-dihydrothymine in the oligonucleotide trimer TpTpT.
Low-energy electrons (LEE) induce single- and double-strand breaks in DNA. To investigate the mechanism of LEE-induced DNA damage, nucleotides and short oligonucleotide were irradiated with monoenergetic electrons in the solid state and the modifications were observed by chemical analyses. With 10 eV electrons and TpTpT as the target, approximately one-third of the total damage of TpTpT involves cleavage of the phosphodiester-sugar bond (C-O) and the N-glycosidic bond (C-N). Here we focus on the remaining two-thirds of the damage. The major products were observed to elute between TpT and TpTpT on the HPLC chromatogram. Of these products, three modifications were identified as XpTpT, TpXpT and TpTpX, where X = 5,6-dihydrothymine, on the basis of comparison with standard compounds using HPLC and mass spectrometry. These results suggest that 5,6-dihydrothymine is a major product of the reaction of LEE with DNA.